an atom-probe. We have shown (1) by analyzing individual bright spots by an atom-probe, the bright spots appeared upon exposure to Qr or Ne represent not impurity gas atoms on the surface but the surface atoms displaced by sputtering, and (2) from layer-by-layer analysis the sputtering yield is a we1 l-def ined funct ion of dc holding field, gas pressure and exposure t i r f l e . Rdach i and Nakamura/ l / studied the effects of Rr and Kr on F1 imaging using a simple glass-made FIM. Their findings are summarized in Figs. 1 and 2.
InFig. 1 thenumber of the bright spots newly appeared upon exposure of the surface to Rr or Kr gas was measured as a function of exposure time. Rnd in Fig. 2 , the number densities of the bright spot6 and dark spots (vacancies due to the sputtering ) were measured as a function of surface electric field for both Rr and Kr.
These results suggest that ( 1 ) the number density o f the bright spots is proport ional to the exposure time of Qr or Kr and (2) the number density of the bright spots is approximate1 y equal to that of the dark spots when both of them can be counted.
However, it was known that oxygen or nitrogen impurity gas atoms inside a FIM chamber also cause a similar damage to the F1 emitter surface/Z/. Because of relatively poor vacuum conditions of the instrument, it was difficult, then, to draw a clear-cut conclusion. No attempt has been made to s e t t l e t h i s problem u n t i l now, p a r t l y b e c a u s e it is r a t h e r d i f f i c u l t t o p e r f o r m q u a n t i t a t i v e i n v e s t i g a t i o n i n FIM o r atom-probe (FIM) /J/. T h i s k i n d o f d i f f i c u l t y d o e s n o t e x i s t anymore w i t h o u r a d v a n c e d f o c u s i n g -t y p e ToF atom-probe i n which w e c a n a c h i e v e t h e 100% d e t e c t i o n e f f i c i e n c y a l m o s t r o u t i n e l y / 3 , 4 , 5 / .
Our irrstrurnent is c a p a b l e enough t o c a r r y o u t p r e c i s e one-by-one a t o m i d e n t i f icat i o n e v e n t h o u g h t h e number of a t o m s o f i n t e r e s t is l i m i t e d .
T u n g s t e n s p e c i m e n s w e r e u s e d i n t h i s s t u d y i n o r d e r t o o b t a i n a h i g h q u a l i t y a n d s t a b l e image f o r p r e c i s e c o u n t i n g o f t h e b r i g h t s p o t s . Imaging w a s c a r r i e d o u t by h e l i u m at 5 0 K b e f o r e a n d a f t e r t h e s u r f a c e w a s e x p o s e d t o A r . The e x p e r i m e n t s c o n s i s t o f t w o p a r t s : (1)
atom-by-atom i d e n t i f icat i o n o f i n d i v i d u a l b r i g h t s p o t s a p p e a r e d o n
t h e c e n t r a l area o f t h e ( 1 1 0 ) p l a n e , making t h e b e s t u s e o f t h e 100% 
t i p and imaging d e v i c e t o g e t h e r w i t h a p r a b e -h o l e a t t a c h m e n t a r e h o u s e d is e v a c u a t e d f i r s t by a 270 /sec t u r b -m o l e c u l a r pump backed u p by a
s m a l l 1 0 6 /sec t u r b o -m o l e c u l a r pump down t o 1 x 1 0 -l0 Tarr and t h e n f i n a l l y by a cryo-pump t o 3 X 1 0 -l 1
T o r r b e f o r e c u o l i n g down t h e s p e c i m e n t i p t o SQK, t h u s e n s u r i n g t r u l y a c l e a n vacuctrn c u r r d i t i o n a n d m i n i m i z i n g c o n t a m i n a t i o n e f f e c t s a t t h e t i p s u r f a c e / 5 / .
I v -EESubT 1 : I d e n t i f i cat i o r~ c~f irtd i v i d~u a l b~~g~& -~g g~& I t w a s f o u n d t h a t o n l y a few b r i g h t s p o t s show up i n t h e ( 1 1 0 ) p l a n e upon t h e e x p o s u r e o f t h e s u r f a c e t o 1 X 10 -5
T o r r f o r R r f o r 3 0 sec ( F i g . 3) . One of them w a s s e l e c t e d a n d p l a c e d o n t h e p r o b e -h o l e p r e c i s e l y u s i n g t h e s e c o n d irnaging d e v i c e a t t h e a u x i l i a r l y chamber which is l o c a t e d b e h i n d t h e probe-hole. Then h i g h -v o l t a g e t r i g g e r p u l s e s w e r e a d m i n i s t e r e d k e e p i n g t h e p u l s e rat i o c o n s t a n t a t 0 . 2 3 i n t h i s e x p e r i m e n t u n t i l t h e image o f t h e b r i g h t s p o t d i s a p p e a r e d . T h i s p r o c e d u r e is v e r y s i l i m a r t o t h e o n e w e I n a l l 25 c a s e s w e h a v e t r i e d t o i d e n t i f i e d , t h e b r i g h t s p o t s b e i n g aimed w e r e i d e n t i f i e d as ~~e + 3 , i n s t e a d o f W i o n s . The r e a s o n t h e t u n g s t e n a t o m s w e r e d e t e c t e d as t u n g s t e n -h e 1 ium i n t h i s case may b e t h a t t h o s e b r i g h t l y i m a g e d~ W a t o m s w e r e s i t t i n g o n t h e s u r f a c e a n d e x p e r i e n c e d s l i g h t l y a h i g h e r f i e l d t h a n t h e rest t o attract s u f f i c i e n t a m o u n t s o f h e l i u m g a s a t o m s and t o a b s o r b .
I n a n y case, w e h a v e documented, f o r t h e first t i m e , w i t h o u t a n y d o u b t t h a t Fig. 3. 
F1 micrographs of t h e (110) a r e a those b r i g h t l y imaged s p o t s upon i t s exposure t o A r ( 1 x 1 0 -~ Torr) f o r upon its e x p o s u r e t o R r g a s 30 sec, showing a b r i g h t spot i n each case. r e p r e s e n t t h e W a t o m s These individual s p o t s were aimed by a d i s p l a c e d by t h e s p u t t e r i n g probe-hole and analyzed. a n d s i t t i n g o n t h e t o p s u r f a c e Now t h a t w e know t h a t t h e r a n d o m l y d i s p e r s e d b r i g h t s p o t s i n FIM i m a g e s upcan s p u t t e r i n g c o r r e s p o n d t o t h e d i s p l a c e d s u r f a c e a t o m s a n d n o t d u e t o t h e g a s a d s o r b a t e s , t h e d a t a p u b l i s h e d by R d a c h i f
Nakamura ( F i g s . l a n d 2) c a n b e i n t e r p r e t e d s t r a i g h t f o r w a r d a l o n g t h i s u n d e r s t a n d i n g .
The s p u t t e r i n g r a t e ( > number-of b r i g h t s p o t s ) is p r u p c w t i o n a l t o t h e F l r g a s p r e s s u r e a n d its e x p o s u r e time a s is s e e n i n t h e f i g u r e s . However, u n d o u b t e d l y some o f t h e a t o m s s p u t t e r e d f r o m t h e o r i g i n a l sites d e s o r b i m m e d i a t e l y w i t h o u t r e m a i n i n g o n t h e s u r f a c e . The d e s u r b i n g p r o b a b i l i t y o f t h e a t o m s , s p u t t e r e d a n d s u b s e q u e n t l y s i t t i n g o n t h e t a p s u r f a c e layer*, is a s t r o n g f u n c t i o n o f t h e l o c a l s u r f a c e f i e l d a n d , t h e r e f o r e , is d i f f i c u l t t o b e e v a l u a t e d p r e c i s e l y .
Fl b e t t e r method t o m e a s u r e t h e s p u t t e r i n g r a t e is t o c o u n t t h e nurnber o f t h e t o t a l r e m a i n i n g a t o m s a t t h e s u r f a c e i n s t e a d o f c o u n t i n g t h e b r i g h t d i s p l a c e d a t o m s s i n c e some o f them easi l y d e s o r b
frarfl t h e s u r f a c e . T h i s c a n b e p e r f o r m e d r e a d i l y i f o n e h a s a n atom-probe w i t h t h e 100 % d e t e c t i o n e f f i c i e n c y / 4 / .
By s e t t i n g t h e s y s t e m i n a l a y e r -b y -l a y e r f i e l d e v a p o r a t i o n mode, t h e number (No 1 o f t h e t o t a l a t o m s a t e a c h s u r f a c e l a y e r c a n b e o b t a i n e d . The nurnbeto f t h e s p l r t t e r e a t o m s N is, t h e n , t h e d i f f e r e n c e b e t w e e n N a n d t h e nurnber o f t h e remaining s t o r n s (N ) .
F i g . 4 s h o w s Nr
a s a fa-tnction o f 8 , t h e f 11.tence o f i r~l p i n g i n g n r atoms.
The s t r a i g h t l i n e is c l e a r e v i d e n c e t h a t t h e s p u t t e r i n g r a t e ( " N is p r o p o r t i c n a l t o t h e impinging r a t e c'f t h e i n d i v i d u a l s u r f a c e tl-tngsten atarn ( 0 ).
W e e s t i n l a t e d t h e i m p i n g i n g r a t e t o b e 0 " " P ( F ) u s i n g a c u n v e n t i o n a l g a s s u p p l y f u n c t i o n / 7 / , w h e r e 0 is t h e o r d i n a r y g a s 51-tpply f c t n c t i c~n i n t h e p r e s e n c e c~f f i e l d a n d PCF) is t h e s u r v i v i n g p r n b a b i l i t y o f n e u t r a l Fltg a s a s n e u t r -a l . L e t t; be t h e s p u t t e r i n g y i e l d t h e s u r f a c e W atarn by F l r i m p i n g i m e n t .
Then N is g i v e n by whet-e p, , T, a n d m a r e g a s p r e s s u r e , p o l a r i z a b i l i t y , temper-atitt-e a n d m a s s o f Rr g a s , r e s p e c t i v e l y . l a y e r s a r e p l o t t e d a s a f u n c t i o n of Ar impingiment r a t e , which can be controll e d by changing A r gas p r e s s u r e during t h e atomprobe a n a l y s i s . S u b s t i t u t i n g t h e n u m e r i c a l v a l u e s for o u r e x p e r i m e n t , s u c h as P = l x we -4
Tot-r a n d 5 = i m p o r t a n t factor may b e t h e e n h a n c e m e n t f a c t o r a f g a s s u p p l y f u r r c t i o n d u e t o t h e m i g r a t , i o r r of -8
U r f r o c t i t h e s h a n k , w h i c h ct:.uld b e l a r g e e n o u g h t o a c c o u n t f o r t h i s d i s c r e p a n c y . Us t o t h e c o n t r i b u t i o n mf t h e r e s i d u a l i m p u r i t y g a s s p e c i e s , w e -10 c a n r u l e o u t c o m p l e t e l y i t s e f f e c t o n t h e c o r r o s i v e react i o n a t t h e 400 420 440 s u r f a c e . T h e b a c k g r o u n d p a r t i a l g a s p r e s s u r e s a r e i n t h e r a n g e of T o r r t h r o u g h o u t t h e e x p e r i m e n t w i t h t h e h e l p of t h e s t r e n g t h . i m p u r i t y g a s e s s u c h as o x y g e n or n i t r c t g e n d u r i n g t h e e x p e r i m e n t w h i c h t a k e s o n l y less t h a n s e v e r a l m i n u t e s is n i l l .
I t w a s a l s o s u g g e s t e d t h a t t h e c u l l i s i s n a l c h a r g e e x c h a n g~ d u r i n g
